We have isolated nine putative odorant receptor genes from the chick, named COR1 to COR9, that belong to the large multigene family of olfactory G protein-coupled receptors found in the fish, rat, mouse, dog, and human. By combining genomic DNA blot analysis, low stringency library screenings, and several PCR analyses, we were able to detect -20 COR genes in the chick genome highly related to COR1-9. By in situ hybridization of newborn and adult, COR expression was detected only in the olfactory epithelium, and exhibited a random spatial distribution. During development, COR expression was observed as early as embryonic stage E5. Different levels of gene expression were observed for the COR1-9 genes: at E5, COR1-6 expression was high compared to the expression of COR7, COR8, and COR9. Surprisingly, at E5, a row of COR1-6 positive cells probably associated with the olfactory nerve extended outside the olfactory placode, reaching the anterior pole of the developing forebrain. These results suggest that, in addition to their role as putative odorant receptors, some COR may play a role in the development of the avian olfactory system.
Introduction
Recently, a major advance was made in understanding the molecular basis of the sense of smell in vertebrates by the discovery of a large multigene family of putative odorant receptors in fish, rodent, dogs, and humans (reviewed by Buck, 1992; Nef, 1993) . These putative odorant receptors belong to the superfamily of seventransmembrane domain (7-TMD) G protein-coupled receptors, and although it has not yet been definitively proven, it is thought that they may function as receptors for odorants since they were found on the ciliary surface of olfactory neurons in the olfactory epithelium , and that one receptor could respond to several odors in a reconstitution experiment using the baculovirus-Sf9 non-neuronal cell system (Raming et al., 1993) . Genomic DNA analysis and PCR amplification has provided estimates of the size of an olfactory receptor gene family of -50-100 genes in fish (Ngai et al., 1993b) and of -500-1000 genes in rats (Buck and Axel, 1991) .
The spatial distribution of individual receptors on the surface of the olfactory epithelium is random in fish (Ngai et al., 1993a) but shows a bilateral symmetry (Nef et al., 1992) segregated into three zones in rodents (Ressler et al., 1993; Vassar et al., 1993) . The absence of organized patterns in the fish suggests that the zones are not essential for correct odor responses and that they may reflect developmental constraints during the development of the olfactory organ, or alternatively that they may represent a critical organization for the axonal projections from the olfactory epithelium to the olfactory bulb in higher vertebrates (Sullivan et al., 1995) .
Little is known about the sense of smell and its biological significance in birds (review in Papi, 1990) . In comparison to the high sensitivity and discrimination capabilities of human, dog, or rodent olfactory systems, birds, as a class, are often regarded as feebly equipped to detect odors and to have little or no olfactory perception. However, several species including the kiwi, the vulture, or the homing pigeon detect and use odors to find and select food, and in orientation phenomena to locate home (Papi and Casini, 1990) . Experimental evidence suggests that the odor threshold (sensitivity) values in birds vary between -10 -5 and -10-7 M (Sieck and Wenzel, 1969) . Following electrical stimulation of the pigeon olfactory nerve, electrophysiological recording in the olfactory bulb and along olfactory projections exhibit comparable latency, amplitudes, and forms to those measured in other vertebrates, suggesting functional analogies between avian and mammalian olfactory pathways (Macadar et al., 1980) .
To determine the molecular basis of olfaction in birds, we decided to search for a class of 7-TMD olfactory receptors in the chick. This avian species is ideally suited to study olfaction since it possesses a simple pair of olfactory conchae covered with olfactory epithelium (Bang, 1971) , and exhibits conditioned or electrical responses to odors such as pentane, hexane, heptane, or amyl acetate. In addition, it is a well studied avian species from which the early stages in the development of the olfactory organ from the olfactory placode have been previously studied.
This paper addresses several questions that are important in establishing the physiological relevance, in a species with a relatively limited sense of smell, of putative olfactory receptor genes. Firstly, is there putative olfactory receptor (COR) genes in the chick genome? Secondly, what is the spatial expression of COR genes; is it random as in fish, or segregated as in rodents? And finally, what is the temporal expression of COR genes during the development of the olfactory system? As the data show, we were able to identify nine COR genes. These genes were found to be randomly expressed in the olfactory epithelium, and being expressed at early stages (E5) during embryonic development. The relative level of expression of individual COR genes was found to be variable. Surprisingly, at early stages, COR1-6 genes were found not only in the olfactory placode, but outside, in a row of cells (probably coinciding with the olfactory nerve). Extrapolation of these observations suggests that COR may well be involved in odor detection, and furthermore could also play a role in the early development of the avian olfactory system.
Results
linkage was confirmed by Southern analysis of chick genomic DNA, and also observed with an other recombinant phage, named 4.2, different from 16.3. By comparison of COR1 and COR2 sequences, we found 96% identity at the nucleic acid level and 92% at the amino acid level. We searched for other homologues of CORI/COR2 by screening again the chick genomic library at high and low stringency. Several novel positive phages were isolated and characterized. By restriction enzyme and Southern blot analysis, four groups were formed, and by subcloning and sequencing, four additional olfactory receptor genes named COR3, COR4, COR5 and COR6 were discovered. Since screening is not as sensitive as PCR, we searched for additional COR genes by PCR with highly degenerated primers derived from two conserved regions of all vertebrate olfactory receptors. A similar strategy has been used with success to amplify the first OR genes from rodents and fish. Chick genomic DNA or cDNA derived from polyA ÷ mRNA of new born chick olfactory epitbelium were used as templates in the PCR reaction. The PCR products were used to construct two libraries of -500 clones. By sequence analysis of 20 randomly selected clones, we were able to identify COR1, COR2, COR4, COR6, and characterized a novel COR gene, named COR7. Then, to eliminate redundant COR genes, the PCR-libraries were screened at high and low stringency with COR1-7 probes to reveal more divergent sequences. In this manner, we were able to identify two additional COR genes, named COR8 and COR9. Screening of the PCR product libraries (at low stringency) with either COR8 or COR9 failed to reveal any additional COR genes. A comparison of the nine CORs is shown in Fig. 1 . The homology scores between the deduced amino acid sequences from the nine chick olfactory receptors (Table 1) range from 36% to 98%, and at the nucleic acid level, from 53% to 99%. For example, there is 53% of nucleic acid homology between mouse OR3 and COR1. Comparison with the amino acid sequences of olfactory receptors from other species (such as the fish, rat, mouse, dog, or human), indicates homology scores that range between 29 and 47% (for example 47% between OR3 and COR1).
Cloning of nine chick olfactory receptors 2.2. Size of the COR1-9 subfamilies
To isolate putative odorant receptors from the chick, we screened a chick genomic library with the mouse olfactory 7-TMD receptor OR3 cDNA probe (Nef et al., 1992) . Out of ten positive phages which were isolated, only one, phage 16.3, was found to possess putative olfactory receptor genes and was further characterized in detail. The 16.3 recombinant phage is composed of two intronless genes encoding two putative odorant receptors, named COR1 and COR2. These two genes are oriented in the same direction (COR2 followed by COR1), and separated by 3 kb (see Fig. 1 in Nef, 1993) . The COR1/COR2
To estimate the number of COR1-9 related genes in the chick, we performed several subcloning/sequencing approaches (see above) and used genomic DNA blot analysis under conditions of reduced stringency. Additional bands were observed with some COR probes and a total of ~11 bands were detected with the COR1, COR7, COR8, COR9 probes (Fig. 2) . Some bands may represent more than a single gene, as illustrated with the blot analysis with the COR1 probe from the COR1-6 subfamily which reveals 3-4 bands with EcoRI and HindlII, but at least 6 with EcoRI and BamHI. COR7 and COR9 blot analyses always reveal two intense bands, suggesting that there are at least two genes in the COR7 subfamily and two in the COR9 subfamily. In contrast, the COR8 blot analysis reveals only one band per restriction enzyme digestion, which is characteristic of a single gene copy. Since a single band may represent two (or more) closely related genes, our Southern blot analysis indicates that there are between 11 and 22 (or more) genes within the COR1-9 subfamilies. Interestingly, the COR9 probe hybridizes very weakly with the COR8 gene, whereas COR8 hybridizes weakly with one of the COR7 gene (Fig. 2) . These data indicate that our experimental conditions allow the detection of sequences with -40% or more of nucleic acid identity. Table 1 Percentage of amino acid identity between COR 1-9 full-length or partial sequences COR9  COR8  COR7  COR6  COR5  COR4  COR3  COR2   COR1  46  43  39  87  90  93  98  92  COR2  47  44  36  87  92  94  91  COR3  47  44  39  87  90  91  COR4  49  45  39  90  96  COR5  48  45  39  88  COR6  45  44  36  COR7  43  38  COR8  60 iiiiii~iiiiiiiiii ! 
COR expression in the olfactory system
The sensitive epithelium containing olfactory neurons, supporting cells, and basal cells covers a pair of olfactory conchae and the roof of the nasal cavity in the chick olfactory system (Bang, 1971) (Fig. 3A) . Olfactory neurons are best visualized with the olfactory marker protein OMP (Danciger et al., 1989) , but as OMP has not been found in birds, we used the marker GAP43 ( Fig. 3B ), a neuronspecific phosphoprotein known to be expressed in the olfactory epithelium. The tissue specificity of COR transcripts was first determined by Northern blot but failed to produce any positive signals due probably to the low level of COR expression in the avian olfactory epithelium. By using a more sensitive technique, we were able to determine the spatial distribution of COR mRNA by in situ hybridization analysis with a pool of single stranded antisense RNA probes obtained from the coding regions of COR1 to COR9 (Fig. 3C ). Positive COR cells were detected only in the olfactory system. No positive signals were detected elsewhere (such as in the brain, tongue, heart, or testis), or with corresponding sense probes (data not shown). At E l 6 (Fig. 4 ) but also at other stages (E8, El0, El2, El4, El8, newborn, see Table 2 ), positive cells were easily observed with COR1-6, COR7, COR8, or COR9 probes (Table 2 and Fig. 4) . Interestingly, at El6, the highest number of positive cells that we observed on adjacent sections was with COR7 (Table 2 and Fig. 4C , -280 cells), followed by COR1-6 (Table 2 and Fig. 4A , ~200 cells), COR8 (Table 2 and Fig. 4E , -128 cells), and the lowest number with COR9 (Table 2 and Fig. 4G , -11 cells). A high power view of adjacent sections positive for COR within the chick olfactory neuroepithelium are shown in Fig. 4B -H. The signals obtained with COR1-6 are likely to represent the expression of several COR genes since our experimental in situ hybridization conditions allow the cross-hybridization of probes with a target mRNA if the homology is >95%. Based on the Southern analysis (see above), COR8 signals are likely to represent the expression of a single gene, whereas signals with COR7 or COR9 may theoretically represent the expression of two (or more) genes. In rodents, a dense layer of supporting cell bodies is located on the outer surface of the mucosa, followed by a layer of olfactory neuron cell bodies. A layer of basal cells underlies the layer of neuronal cell bodies. The basal (7) 656 (7) 123 (7) 15 (7) 754 (7 (11) Adjacent sections from entire E4 embryos or spanning the olfactory epithelium of E5 to newborn animals were collected and hybridized as described in Section 4. The number of observed COR positive cells is indicated. The number of sections hybridized with each probe is given in parentheses, nd, not determined.
COR1-9
lamina is located below the layer of basal cell bodies, and is followed by the cartilage of the olfactory turbinate that supports the olfactory epithelium. From El4 to newborn, COR positive cells with dense grain clusters were observed in the middle layer, the same cell layer as the GAP43 neuronal marker which is expressed by olfactory neurons. Moreover, COR genes appeared to be expressed at a fairly high level only by a small subset of individual cells in the neuroepithelium, rather than by clusters of cells. COR1-9 positive cells were not topographically localized and appeared to be randomly distributed throughout the chick olfactory epithelium (Fig. 4) . Reconstitution using COR labeled cell coordinates failed to indicate any spatial organization of COR positive cells either in the dorsal-ventral or in the anterior-posterior dimension. By counting the total number of COR cells present at El6 on adjacent sections covering the entire olfactory conchae and roof of a single individual, we estimated that about 30 000-40 000 cells hybridized with COR1-9 probes. But we could not determine the total number of olfactory neurons in the chick because (i) the GAP43 staining is too diffuse, and (ii) a marker for mature olfactory neurons in the chick is still missing.
COR1-6 expression in and outside the olfactory placode
The precursor of the olfactory epithelium is the olfactory placode whose first appearance in the chick occurs at embryonic day E3.5-E4 as a thickened invagination of the ectoderm while the neural tube is divided into forebrain, midbrain and hindbrain vesicles. At this stage, COR gene expression was not detected. At E5, the first olfactory axons have emerged from the placode and their course is dorsal and caudal extending towards the anterior pole of the telencephalic vesicle (Mendoza et al., 1982) . 
COR7
At this early stage and for the first time during development, COR positive cells were detected in the posterior part of the olfactory placode (Fig. 5B ) and, repeatedly, in a stream of cells (Fig. 5C,F ) located outside the olfactory system, between the placode and the telencephalic vesicle. In series of 14/tm para-sagittal adjacent sections, COR positive cells present outside the olfactory placode were found at a density of 3-10 cells per section, and appeared to form a linear cluster at the base of the telencephalon (Fig. 5C) . A linear cluster of COR labeled cells was still observed in sections obtained from distant areas located at -500/tm (Fig. 5C ) or as far as -1500~m (similar to Fig. 5C , data not shown) from the olfactory placode, in an axis perpendicular to the embryo midline. The line of positive cells stops at -800/tm from the embryo midline, in a region located between the two eyes. Since neither COR7, COR8, nor COR9 expression was detected in this area (data not shown), positive cells may represent the expression of one or several genes from the COR1-6 subfamily. Positive cells were not detected in the telencephalon itself or in other brain areas. Together, the data indicate that, at E5, COR1-6 expressing cells are dispersed throughout the olfactory placode, and are clustered in a line at the base of the telencephalon. The position of the placode, of the ventricular zone of the telencephalon, and of the olfactory nerve were revealed by in situ hybridization of adjacent sections with the neuronal marker GAP43 (Fig. 5A ). High power views of GAP43 and COR positive neurons in the olfactory placode and in the row of neuronal cells at E5 are shown in Fig. 5D -F. Later in development, at E6-6.5, the olfactory placode has involuted, forming the nasal pit, while the nasal cavity and both conchae are developing. Cartilage models for these structures are lined by an olfactory sensory epithelium and a respiratory epithelium derived from the olfactory placode. At this stage (E6, Fig. 5H ), and at all the later stages of development that were tested, COR positive cells were detected only within the olfactory sensory epithelium. Examination of sections of neuroepithelium at E6, E7, E8, and El0 at high magnification revealed that COR positive cells were found almost exclusively below the middle cell body layer, presumably in the regenerative basal cell layer (Fig. 5I) . The transition between a pure basal distribution and a middle cell layer distribution occurs between El0 and El4. Indeed, at El4, the vast majority of COR positive cells was observed within the middle cell layer of the olfactory epithelium.
COR expression during development
In Table 2 we compared the relative levels of expression of individual COR genes during the development of the chick olfactory system. Major differences were easily observed in the pattern of individual COR gene expression using adjacent sections spanning the olfactory epithelium. COR1-6 expression was not observed before E5, despite several extensive in situ experiments (170 hybridized sections) with four complete embryos at E4. However, at E5, COR1-6 expression was easily observed (-20-30 COR1-6 labeled cells per section; see also Fig.  5B ), whereas COR7, COR8, and COR9 expression was hardly detected (0-1 positive cell/section). At E5, there were -300 COR1-6 positive cells per olfactory placode, without counting COR cells associated with the olfactory nerve. At this stage, the relative order of COR1-9 expression was COR1-6 (96%), COR8 (1.5%), COR9 (1.5%), and COR7 (0.5%). One day later, at E6, we again easily detected COR1-6 positive cells (-10-20 cells/section for a total of -600-800 positive cells per placode), and observed a small level of expression for COR8 and COR7 (1-8 cells/section). At E6, the relative order of COR gene expression was COR1-6 (-53-82%), COR8 (-14-23%), COR7 (-4-23%) and COR9 (not detected). Two days later, at E8, the absolute and relative levels of gene expression has changed dramatically for COR7, COR8, and COR9. Indeed, COR7 positive cells comprised 50-56% (31-67 cells/section) of COR gene expression, followed by COR1-6 with 26-29% (18-30 cells/section), COR8 16-19% (11-20 cells/section, and COR9 1.5-2% (1-2 cells/section). At El0, the relative order and levels of expression of COR1-9 genes remained relatively stable with -40-60% for COR7, 22-33% for COR1-6, 11-30% for COR8, and only 0-2% for COR9. A similar profile of relative COR1-9 gene expression was observed with El2, El4, El6, El8 embryos, and with newborn chicks. As observed with adult chicks, the pattern of COR gene expression during development exhibited a bilateral symmetry and a random distribution. Interestingly, from E8 to all later stages, we observed that the number of positive cells obtained with the mixed probe COR1-9 (containing an equimolar amount of COR1-6, COR7, COR8, and COR9) was always significantly smaller (13-52%) than the sum of labeled cells obtained with individual probes (COR1-6 + COR7 + COR8 + COR9). This observation suggests that among the COR1-9 cell population, some cells express more than one COR receptor. 
H
Taken together, the data suggest that the expression of the COR1-9 genes starts at very early stages during the embryonic development of the chick olfactory system, first in cells located in the basal region of the olfactory epithelium, and later in cells dispersed throughout the sensory epithelium, and that the levels of expression for the COR1-9 genes are differentially regulated during development.
Discussion
Unlike vertebrates, birds have always been considered as unable to detect and discriminate a large number of discrete odorants. However, anatomical, physiological, and behavioral studies (Bang and Wenzel, 1985) indicate that some birds possess a good sense of smell and use it to find food or for homeward orientation (Papi, 1990) . Little is known about the capabilities of a bird to detect odors without biological relevance for its own species, nor if birds can discriminate odors since only a few number of compounds have been tested on a small number of species. Evaluation and elucidation of the molecular basis for olfactory perception in birds will require an understanding of the diversity of odorant receptors and, if we want to address the processing of olfactory stimuli, an analysis of the spatial receptor expression within the olfactory epithelium. In this paper, we have characterized nine putative odorant receptors from the chick. We have identified a COR1-9 repertoire that correspond to ~20 related genes. This estimate is based on (i) the number of COR genes (a total of 9) that we have cloned, (ii) several genomic library screening under reduced stringency, (iii) genomic DNA analysis at low stringency, and (iv) two PCR experiments with highly degenerated OR primers. Despite several attempts, we were unable to identify additional COR genes. Our data suggest that if other putative olfactory receptor genes exist in the chick, they would have less than -40% identity with the COR1-9 gene subfamilies.
Receptor distributions
Due to the anatomical simplicity of the olfactory organ in the chick, we have determined the spatial distribution of chick olfactory receptor mRNA by performing in situ hybridization analysis. We found no evidence for a restricted spatial distribution of COR transcripts in the chick olfactory epithelium. Rather, we observed that the expression of the COR genes exhibit a bilateral symmetry and a random distribution throughout the complete olfactory epithelium, with no segregation along any axes. Similar distributions were observed in the family of catfish olfactory receptors (Ngai et al., 1993a ). In the rat or the mouse, three zones of receptor expression with a bilateral symmetry could be distinguished (Vassar et al., 1993) . However, the functional significance of these segregated patterns of expression remains elusive (Nef, 1993) , and the absence of organized patterns in chicks and fish suggest that they are not essential for correct responses to odors. Bilateral symmetry, random or segregated receptor distributions may reflect the complexity of the receptor repertoire, or may reflect developmental constraints during the morphogenesis of the olfactory organ or even reflect the organization of axonal projection from the olfactory epithelium to the olfactory bulb (Vassar et al., 1994; Axel, 1995) . At all the stages tested by in situ hybridization, no signals were detected with COR in the CNS, or elsewhere, and in contrast to the case of rodents (Ressler et al., 1994; Vassar et al., 1994) , signals were not detected in the glomeruli of the olfactory bulb.
Putative odorant receptors
In adult or newborn animals, only the middle cell layers are labeled with COR probes. We found no signal in other layers of the olfactory epithelium or in other tissues. In the rat, peptide-specific antibodies raised against several putative odorant receptors labeled only the uppermost layer of the epithelium containing the olfactory cilia . Together, these results suggest that olfactory neurons in the chick may also express COR proteins on their ciliary surfaces, but since COR have not yet been reconstituted in a functional experiment we should consider them as putative odorant receptor proteins or as orphan receptors.
COR within and outside the olfactory placode
We have previously characterized the expression of OR3, a mouse putative OR gene. OR3 transcripts are located in the olfactory epithelium, and also near the wall of the telencephalic vesicle in mouse E10-Ell embryos (Nef et al., 1992) . Its expression outside the olfactory placodes is similar to the observations reported here with the chick olfactory system which find COR1-6 genes expressed at very early stages (E5) both within and outside the olfactory placodes. Indeed, we observed a row of COR1-6 positive cells located in the proximity of the telencephalic vesicles. This is likely to represent cells within the olfactory nerve, since an adjacent section hybridized with GAP43 stained neurons which originate from the olfactory placode. At later stages, COR1--6 positive cells are confined within the olfactory epithelium. This suggests a migration of these cells or a transient wave of gene activation during embryonic development. If there is migration, it remains unclear which type of migratory cells express COR1--6 genes. Indeed, several cell types migrate from the olfactory placode (Mendoza et al., 1982; Couly and Le Douarin, 1985; Valverde et al., 1992) . Some of the migratory cells are composed of en-sheathing cells that will form the olfactory nerve layer in the adult. Previous studies have shown that these cells share characteristics of both Schwann cells and central astrocytes (Barber and Lindsay, 1982; Couly and Le Douarin, 1985; Vollrath et al., 1985) . Another cell migratory population is composed of neurons expressing the luteinizing hormone-releasing hormone (LHRH) which originate in the olfactory placode at E4.5 (Norgren and Lehman, 1991) , migrate into the central nervous system (Sullivan and Silverman, 1993; Pellier and Astic, 1994) , and reach the surface of the telencephalon by following the olfactory nerve at E5. Finally, it has been proposed that some migratory neuronal precursor cells invade the olfactory bulb and may later differentiate into periglomerular cells (Mendoza et al., 1982; Valverde et al., 1992) . The time course and the position of these migratory cells coincide with the distribution of olfactory receptor positive cells, but since several cell types migrate along the olfactory nerve, further work is necessary to determine which one expresses COR genes. The use of an olfactory-specific subunit of a cyclic nucleotide-gated cation channel known to be transiently expressed in a cluster of cells located dorsal to the olfactory epithelium and just ventral to the developing olfactory bulb in the mouse (Sullivan et al., 1995) , may be useful for the cell type identification of COR1-6 positive cells. Extrapolation of the data suggests that olfactory receptors may play a role either in the targeting olfactory cells to their final destination by mediating cell-cell interactions, or in response to tropic and trophic factors released by the olfactory placode, or by the ventricular zones of the telencephalic vesicle.
Differential pattern of COR expression
During embryonic development, different levels of gene expression are observed for the COR1-9 genes. Interestingly, we cannot explain why the total number of COR1-9 positive cells increases until El6 and then decreases substantially later in development. Similarly, at E5, only COR1-6 transcripts are easily detected, whereas the COR7, 8, 9 genes are only transcribed at very low levels, with the COR9 expression that remains low throughout the entire development of the olfactory epithelium. The reasons for such a differential pattern of COR1-9 gene expression during development and the low level of COR9 expression are still unclear. It may reflect the complex structure of gene clusters which may be regulated by different developmental activator or repressor proteins. The early period in chick development where the COR genes are turned on would not appear to be a rich environment for olfactory clues nor for odor molecules, as the olfactory system is not yet operational (no functional olfactory bulbs). It therefore remains to be seen which the physiological ligands of the COR proteins are during development.
Experimental procedures

Genomic library screening
About 106 phages from a chick genomic library constructed in the phage vector 2L47 were plated and screened at medium stringency (65°C) with a 32p_ radiolabeled random-primed DNA probe derived from the mouse olfactory receptor gene OR3 (Nef et al., 1992) . Nitrocellulose membranes were first prehybridized for 2 h at 65°C in 5x Denhardt's, 5× SSPE, 0.1% SDS, 100/~g/ml denatured sspDNA, and then hybridized overnight at 65°C in l× Denhardt's, 5× SSPE, 0.1% SDS, 100#g/ml denatured sspDNA, 106 cpm/ml of denatured probe. The membranes were then washed for 60 min at 65°C in 4× SSPE, 0.2% SDS. We have isolated 10 positive phages, and have characterized the phage (16.3) containing two olfactory receptor genes, named COR1 and COR2. Inserts hybridizing to mouse OR3 were subcloned in pBSK-(Stratagene) and sequenced using the dideoxy method of Sanger. Phages containing the COR3, COR4, COR5, and COR6 genes were isolated by the sequential screening of the chick genomic library first at high (65°C) and then at reduced (55°C) stringency with a 32p-radiolabeled random-primed DNA probe derived from the entire coding region of the COR1 gene (957 bp). From the screening at 65°C, ~45 phages were found positive, and only 31 were further characterized (COR1-5 were present in this pool). At 55°C (reduced stringency), 10 additional positive phages were detected and only 8 have been further characterized (COR6 was in this pool).
Genomic Southern
Genomic DNA was isolated from chick embryos at -El0. Whole embryos (-1-2 g) were crushed with a cold mortar in the presence of liquid nitrogen, resuspended in TE (10mM Tris-HCl, pH 8.0, 0.1M EDTA pH 8.0), incubated for 1 h at 37°C in the extraction buffer (10 mM Tris-HCl, pH 8.0, 0.1 M EDTA, pH 8.0, 0.5% SDS, 20#g/ml RNase), and digested for 3 h at 37°C with 100#g/ml of proteinase K, and extracted 2-3 times with phenol equilibrated in 0.5 M Tris (pH 8.0). The genomic DNA was precipitated with ethanol and the pellet washed twice with ethanol 70%, and resuspended in TE. The DNA (10/tg) was digested overnight with restriction enzymes, electrophoresed on 0.8% agarose gels in the presence of I x Tris-borate EDTA, and transferred overnight to nylon membrane (Genescreen plus , NEN) in 0.4 M NaOH according to the manufacturer's transfer protocol. Blots were prehybridized for 2 h at 65°C in 5x Denhardt's, 5x SSPE, 0.1% SDS, 100/tg/ml denatured sspDNA and hybridized overnight either at 68°C (high stringency) or at 55°C (low stringency) in 1 x Denhardt's, 5x SSPE, 0.1% SDS, 100/~g/ml denatured sspDNA, and ~0.5 × 106 cpm/ml of denatured probe. Random labeling of the coding region (957 bp) of COR1, or the PCR product encoding COR7 or COR9 (-450 bp) were used with 32p-radionueleotides to produce radioactive probes. Blots were washed in SSPE solutions, the final wash for 30 min at 68°C or at 55°C in 1 x SSPE, 0.2% SDS. Autoradiography was performed with an intensifying screen for 3 days at -70°C.
Polymerase chain reaction (PCR) of additional COR
Highly degenerated primers derived from conserved regions among COR1-6 amino acid sequences were used for PCR amplification by PCR of additional chick COR genes either from genomic DNA or from olfactory epithelium eDNA. The primers encode conserved amino acid domains from the transmembrane regions TM3 (M A Y D R Y) and TM7 (P M L/F N P). The sense primer (GGAATTCATGGCITATICGATICCIAGITA) and the anti-sense primer (CGGGATCCGGAJGTTIAA/GCAT-IGG) contained restriction enzyme sites for EcoRI and BamHI, respectively. Both pools of primers contained inosines (I) at position of high degeneracy. The PCR settings were designed to maximize heterologous annealing during the first five cycles (45 min at 92°C; 45 min at 37°C, followed by a slow temperature ramp of l°C each 6 rain, and 90 min at 72°C) and was continued at standard conditions during the next 30 cycles (45 min at 92°C; 45 min at 45°C; and 90 min at 72°C). On6 hundred nanograms of chick genomic DNA or of cDNA from new born olfactory epithelium mRNA were used in the PCR reaction. The COR7, COR8 and COR9 sequences were isolated from the PCR product, subcloned into pBluescript vectors and characterized by DNA sequencing.
In situ hybridization
Chick embryos (from -E2-E20), new born or adult were dissected, slowly frozen in dry ice, and sectioned (para-sagittal or coronal) on a cryostat at -20°C. Sections (8-15/am) were fixed for 15 min in 4% paraformaldehyde, rinsed in 1 x PBS, dehydrated in ethanol, and stored at 4°C in 95% ethanol until required. Before hybridization, sections were re-hydrated, digested for 15 min at 37°C with proteinase K at 0.1/ag/ml or without proteinase K in the case of sections containing the olfactory bulb, post-fixed for 15 min in 4% paraformaldehyde, acetylated for 10min in 0.1 M triethanolamine, and dehydrated in ethanol. 35S radioactive antisense or sense cRNA were produced by in vitro transcription with T3 or T7 RNA polymerases from an equimolar amount of linearized fulllength COR1, COR2, COR4, COR5 and COR6 cDNA clones (-900 bp) for the COR1-6 probe, and PCR fragments encoding COR7, COR8, COR9 for their respective probes. The COR1-9 probe was prepared by mixing the same number of counts from the 4 different probes 7, 8, 9) . The chick anti-sense GAP43 cRNA probe was produced from a 300 bp fragment Sau3A1-PvulI encoding the amino terminus of the protein (gift from L. Baizer, Portland). The fragment length of cRNA probes was adjusted by limited alkaline hydrolysis to a mass average of approximately 150 bases as described in (Cox et al., 1984) . Denatured probe was added to the hybridization mix (0.3 M NaCI, 0.02 M Tris-HCl, pH 8.0, 5 mM EDTA, 10% Dextran sulfate, Ix Denhardt's, 0.5/ag/ml tRNA, 0.1 M DTT, 50% formamide, and 30 000 cprn//al of radioactive probe), then the sections were hybridized for 16 h at 60°C, washed for 30 min at 65°C in a stringent wash solution (0.15 M NaCI, 0.02 M Tris-HCl, pH 7.5, 5 mM EDTA, 0.1 M D'IT), followed by an RNase treatment for 1 h at 37°C with 20/ag/ml RNase A. Final washes were done in 0.1 x SSC for 15 min at 60°C, and the sections were dehydrated in ethanol, and autoradiography was performed for 12 or 24 h to estimate the exposure time needed in Kodak emulsion (NTB2) (ranging from 7-21 days, depending on the probes). Sections were then developed, colored with toluidine blue, mounted and photographed using a Zeiss Axiophot microscope. Control sections were hybridized with a sense cRNA COR1 probe. In these conditions, only mRNA with >95% of identity with the antisense probe were detected.
Estimation of the number of COR positive neurons
Complete series of 8-15/am adjacent coronal or parasagittal sections (10-100 sections, depending on the stage) from individual embryos were constructed. We used several series of 10 slides containing 30 adjacent sections for further processing in the in situ hybridization. Typically, the first slide was hybridized with a control probe, the second with an equimolar amount of COR1-9, the third with COR7, the fourth with COR8, the fifth with COR9, the sixth with COR1-6, the seventh again with COR1-9, and the eight with GAP43. COR labeled cells were counted under a Zeiss microscope. The number of GAP43 positive cells could not be estimated since the GAP43 signal was too diffuse.
